Introduction {#sec1-1}
============

Tuberculosis (TB) has the dubious distinction of being the most persistent scourge of humankind.\[[@ref1]\] The WHO estimates that now 9 million people developed TB in 2013 and 1.5 million died.\[[@ref2]\] Multidrug-resistant TB (MDR-TB) is resistance to the first-line anti-TB drugs -- rifampicin (RIF) and isoniazid (INH). MDR-TB accounts for higher mortality and is far more expensive to treat than TB sensitive to the first-line drugs. Lack of diagnostic capacity has been a crucial barrier preventing an effective response to the challenges of HIV-associated and drug-resistant TB, with only 7% of the estimated global burden of MDR-TB cases being detected. Therefore, the expanded capacity to diagnose TB and MDR-TB is a global priority for TB control.\[[@ref3]\] Conventional culture and drug susceptibility testing (DST) methods require prolonged periods, i.e., up to 4--8 weeks to confirm mycobacterial growth and detect drug resistance, during which time patients may be inappropriately treated, drug-resistant strains may continue to spread, and amplification of resistance may occur. Molecular methods are expensive and require well-trained personnel. In addition, not all mutations concurring resistance to anti-TB drugs are known. Microscopic observation of drug susceptibility testing (MODS) can be a suitable test in such settings. MODS is a liquid culture-based assay that detects *Mycobacterium* TB (MTB) and assays INH and RIF susceptibility directly from the sample. It is based on three important properties of MTB: (i) It grows faster in liquid as compared to solid medium, (ii) in liquid medium, MTB grows in a visually characteristic manner (tangles, cording) which can be observed under microscope long before the naked eye can visualize colonies on the solid agar, and (iii) DST from clinical samples is possible by adding anti-TB drugs into broth cultures at the very beginning. Moreover, sample preparation for MODS is similar to that required for preparation of a sputum sample for smear and culture.\[[@ref4]\]

Majority of the studies on MODS assay have been done on pulmonary specimens. Therefore, we conducted a study to compare the sensitivity and specificity of detection of mycobacterial growth of MODS assay with that of Lowenstein--Jensen (LJ) culture in both pulmonary and extrapulmonary samples. We also compared the time of culture positivity by both MODS and LJ and evaluated the concordance of the susceptibilities to INH and RIF by MODS and proportion method on LJ.

Materials and Methods {#sec1-2}
=====================

A prospective, laboratory-based study was conducted in a tertiary care hospital in Mumbai after approval from the Institutional Ethics Committee. The study was conducted over a period of 1 year from January to December 2011. A total of 300 samples were collected from suspected cases of TB. Samples collected included early morning sputum, fine needle aspirates, body fluids, pus, and urine. The work was carried out in Class II biosafety cabinet, and biosafety level 2 practices were followed.

Microscopic observation of drug susceptibility assay {#sec2-1}
----------------------------------------------------

All samples were digested and decontaminated using N-acetyl-L-cysteine-NaOH method as per the standard protocol.\[[@ref5][@ref6]\]

The MODS assay was performed as described in the standard operating procedure.\[[@ref5][@ref6]\]

To each 4.5 ml of Middlebrook 7H9 broth, 0.5 ml oleic acid-albumin-dextrose-catalase (OADC) (10%) and 0.1 ml polymyxin b, amphotericin b, nalidixic acid, trimethoprim, and azlocillin (PANTA) were added adding to total of 5.1 ml of broth. The decontaminated sample sediment was resuspended in Middlebrook 7H9 broth with OADC and PANTA supplement for MODS assay.

0.4 mg/ml of INH stock solution was prepared using sterile distilled water as diluents and 1 mg/ml of RIF stock solution was prepared using dimethyl sulfoxide as diluent. These were stored in 120 µl aliquots in microcentrifuge tubes at −20°C. Working solutions of each drug were prepared on the day of use from stock solution. Dilutions were made using Middlebrook 7H9 with 10% OADC. Using a tuberculin syringe, 100 µl (400 µg/ml) of thawed INH stock solution was added to 900 µl of 7H9-OADC which yielded INH stock 2, 40 µg/ml. 100 µl of INH stock 2 was added to another 900 µl of 7H9-OADC yielding 4 µg/ml INH working solution. Similarly, using a tuberculin syringe, 100 µl (1 mg/ml) of thawed RIF stock solution was added to 900 µl of 7H9-OADC which yielded RIF stock 2, 100 µg/ml. 100 µl of RIF stock 2 was added to another 900 µl of 7H9-OADC yielding 10 µg/ml RIF working solution.

Microscopic observation of drug susceptibility plate inoculation {#sec2-2}
----------------------------------------------------------------

For each sample, four wells in a column of a sterile 24-well tissue culture plate were used (2 drug-free controls and 2 with drugs). Using 7H9-OADC-PANTA (from the tube containing 5.1 ml), the decontaminated sample pellet was resuspended in a total volume of 2 ml in the centrifuge tube and mixed well. To each of 4 wells, 900 µl of sample-broth mixture was added. Remaining 1.7 ml of decontaminated sample was stored as "backup," in case repeat culture was needed. In the first two wells, 100 µl of supplemented Middlebrook 7H9 broth was added. These two wells acted as control. In the third well, 100 µl of INH (4 µg/ml) was added to obtain the final concentration of 0.4 µg/ml. In the fourth well, 100 µl of RIF (10 µg/ml) was added to obtain the final concentration of 1 µg/ml. On each plate, lane 3 was used as negative control. Only supplemented Middlebrook 7H9 broth, 100 µl of INH and RIF were used without the addition of any sample. Any growth in this lane indicated cross-contamination. On each processing day, two positive controls were run. H37RV was used as a sensitive control and one known MDR strain was used as resistant control. Tissue culture plates were sealed by cello tape and were incubated at 37°C.

Microscopic observation of drug susceptibility plate reading {#sec2-3}
------------------------------------------------------------

The plates were examined with cello tape seal daily under an inverted microscope starting from day 1. MTB growth was identified by characteristic cord formation in drug-free wells. Bacterial or fungal contamination was identified by clouding of media within 5 days of inoculation. A negative MODS culture was discarded after 21 days. Reading of the plates was done from day 1 under the inverted light microscope. If results were negative on day 5, reading drug-free wells was done daily or on alternate days according to the laboratory workload until \>2 CFU (colony forming units) was observed in each of the two wells. When positive results were observed, the INH- and RIF-containing wells were read on the same day. If no growth was observed by day 15, reading on day 18 and day 21 were repeated. If results were still negative on day 21, the final result was reported as negative.

Microscopic observation of drug susceptibility interpretation {#sec2-4}
-------------------------------------------------------------

Growth in control wells, without growth in drug-containing wells, was recorded as sensitive. If growth was detected in both control and drug-containing wells, it was reported as resistant. Sensitivity and specificity of MODS assay were calculated using results of culture method as the gold standard.

**Quality Control:** With each batch of freshly prepared media, the standard strain of MTB H37Rv (ATCC 27294) was tested with the drug-free as well as the drug-containing media.

**Culture on Lowenstein--Jensen media:** Two loopful of decontaminated sediments was inoculated on LJ medium and incubated aerobically at 37°C. All cultures were read daily for the first week for contamination and rapidly growing mycobacterial species and then weekly thereafter till growth was detected or 12 weeks, whichever was later\[[@ref7]\] as in our experience many MTB isolates grow in the tenth or eleventh week.

Any growth observed on the LJ medium was confirmed as acid-fast bacilli by ZN staining and identified as MTB or MOTT using phenotypic characteristics such as rate of growth, pigment production, niacin accumulation test, nitrate reduction test, and semi-quantitative catalase test.

Any slow-growing acid-fast isolate which was buff colored, niacin and nitrate positive, and semi-quantitative catalase negative was identified as MTB. Isolates identified as MTB were stored at −70°C. They were subcultured on LJ medium to obtain fresh cultures before use. Isolates were subjected to susceptibility testing using two important primary drugs (INH and RIF) by economic variant of proportion method using LJ medium.

Drug susceptibility testing by economic variant of proportion agar method: 48 clinical isolates of MTB were tested for drug susceptibility by proportion method.

LJ medium was prepared as per the WHO guidelines. The drug-containing media and inoculums were prepared as per the protocol.

Quality control {#sec2-5}
---------------

With each batch of freshly prepared media, the standard strain of MTB H37Rv (ATCC 27294) was tested with the drug-free as well as the drug-containing media.

Incubation and reading {#sec2-6}
----------------------

The inoculated slopes were placed at an angle and incubated at 37°C. They were examined for contamination after 1 week. The results were read for the first time on the 28^th^ day. If the strain was susceptible, then it was incubated for the second reading on the 42^nd^ day as the final reading.

Growth was recorded as 1--99 colonies: The actual number of colonies:

++: More than 100 colonies+++: Confluent growth.

Interpretation of the test {#sec2-7}
--------------------------

Any strain with 1% (the critical proportion) of bacilli resistant to any of the drugs was classified as resistant to that drug.

Statistical analysis {#sec2-8}
--------------------

Unpaired *t*-test was applied to compare time to detection by LJ medium and MODS assay. *P* \< 0.05 was considered statistically significant. Data were analyzed using SPSS software version 16.0. IBM Corp., Armonk, New York, United States.

Results {#sec1-3}
=======

A total of 300 consecutive samples of suspected TB among adult patients received in mycobacteriology laboratory were included in the study. Out of 300 samples, 7 grew rapidly growing mycobacteria, 10 showed contamination on LJ medium, 12 samples showed contamination on MODS, and 9 grew contaminants on both. Therefore, these 38 samples were excluded from the final analysis \[[Figure 1](#F1){ref-type="fig"}\].

![Chart for workflow of specimens in the study](JLP-9-89-g001){#F1}

Of the 262 samples analyzed, 172 were sputum samples while 90 were from extrapulmonary TB which included pus, fine needle aspiration cytology (FNAC), pleural fluids, and urine and other body fluids.

[Table 1](#T1){ref-type="table"} shows the comparison of MODS assay with conventional culture on LJ media for pulmonary samples and extrapulmonary samples. The sensitivity and specificity of MODS culture as compared to LJ culture were 80% and 92.9%, respectively, for pulmonary samples and for extrapulmonary samples both were 83.33%. The sensitivity and specificity of MODS culture as compared to LJ culture were 81.25% and 89.71%, respectively, for total samples. Sensitivity values for pulmonary and extrapulmonary samples were comparable while specificity was on the lower side for extrapulmonary samples.

###### 

Comparison of the microscopic observation of drug susceptibility assay with conventional culture on Lowenstein-Jensen media (*n*=262)

![](JLP-9-89-g002)

Mean time to detection of growth by MODS assay was around 10 ± 4.44 days as compared to 31 ± 12.6 days on LJ medium. This difference was statistically significant (*P* \< 0.001) on applying unpaired *t*-test.

Drug susceptibility by both methods was performed on 33 isolates. Concordance of DST between the MODS assay and the economic variant of proportion method for RIF, INH, and MDR-TB is shown in [Table 2](#T2){ref-type="table"}. The concordance of DST by MODS for RIF, INH, and MDR-TB when compared to the economic variant of proportion method was 87.87%, 90.0%, and 96.96%, respectively.

###### 

Concordance of drug susceptibility testing between the microscopic observation of drug susceptibility assay and the economic variant of proportion method

![](JLP-9-89-g003)

Discussion {#sec1-4}
==========

TB and MDR-TB prevalent areas are typically resource-poor, prohibiting the use of expensive sputum culture and drug susceptibility testing (DST) methods. Diagnosis in these areas depends on sputum microscopy which misses half of the cases and DST is only performed after therapy fails. DST methods with solid media are inexpensive but slow and laborious. Liquid-automated commercial systems are rapid but require heavy, expensive equipment, have high running costs, and are technically complex. Molecular methods are expensive and require well-trained personnel. In addition, not all mutations concurring resistance to anti-TB drugs are known. In such a situation, the MODS assay is a simple and rapid method to detect both the presence of the MTB and susceptibility of the organism to INH and RIF.

Sensitivity for detection of MTB by MODS in pulmonary, extrapulmonary, and total samples in the present study was 80%, 83.33%, and 81.25%, respectively, when compared to LJ medium \[[Table 1](#T1){ref-type="table"}\]. In literature, very high sensitivity of detection of 97.8% has been reported for this assay for pulmonary specimens.\[[@ref8]\] Michael *et al*. in their study from India have reported a sensitivity of 78.9% for MODS assay when compared to reference solid or liquid culture.\[[@ref9]\] Shah *et al*.\[[@ref10]\] in their study from South Africa have reported sensitivity of 85% which is similar to our study. The authors mentioned that a lower sensitivity may be caused by the number or type of sputum samples they collected from each patient (single spot sample), or sample storage, processing, or splitting, which may have significantly reduced the bacillary volume in each inoculum. Sensitivity may be improved slightly by performing multiple MODS assays, similar to other evaluations of rapid molecular tests on sputum.\[[@ref10]\] Mashta *et al*. in a recent study from India have reported a sensitivity of 48% in smear-positive and 38% in smear-negative cases. The reason given was perhaps there is flawed generalization that all pathogenic MTB form cords.\[[@ref11]\]

One point of explanation of modest sensitivity in the present study is that we included consecutive samples received in our laboratory from suspected adult TB cases irrespective of smear findings. Second, this was a pilot study in our institute being performed for the first time. Repeated studies with supervised training can improve the detection of MTB by MODS. Attorri *et al*. had demonstrated cording in 64% of MTB growing from liquid cultures (BACTEC). However, they demonstrated that with training, their sensitivity of detecting true cording in MTB in liquid culture increased to 79% and reemphasized that without training and experience, serpentine cords can be missed or confused with pseudocords.\[[@ref12]\]

The present study shows almost comparable sensitivities for pulmonary and extrapulmonary samples as 80% and 83.33%, respectively \[[Table 1](#T1){ref-type="table"}\]. Tovar *et al*. have reported sensitivity of 66% in pleural biopsy samples and 14% in pleural fluid samples.\[[@ref13]\] Caws *et al*. have reported sensitivity of 80.4% in cerebrospinal fluid (CSF) samples.\[[@ref14]\] We have found comparatively higher sensitivity of 83.3% in extrapulmonary samples. Our samples consisted more of pus and FNACs which might have accounted for higher sensitivities as pleural fluid and CSF samples are paucibacillary and give less culture yield.\[[@ref15][@ref16]\]

Dang *et al*. had included pulmonary and extrapulmonary samples such as CSF and pleural fluid in their study and had found a sensitivity of 88.6% when analyzed by patient against microbiological confirmation.\[[@ref17]\] The present study also had an overall sensitivity of 81.25%.

Specificity of detecting MTB by MODS in the present study was 92.9%, 83.33%, and 89.71%, respectively, for pulmonary, extrapulmonary, and total samples \[[Table 1](#T1){ref-type="table"}\]. In literature, higher specificities of around 96--100% have been reported which include 99.6% by Moore *et al*., 100% by Limaye *et al*., 96.7% by Michael *et al*., and 94.4% by Mayra *et al*.\[[@ref8][@ref9][@ref18][@ref19]\] Lazarus *et al*. have reported specificity of 89.39% for MODS done on pulmonary samples which is similar to the present study.\[[@ref20]\] Specificity for pulmonary samples in the present study is comparable to others whereas for extrapulmonary samples, it is on the lower side. Specificity has recently been improved by revising MODS platform to include a well with para-n-nitrobenzoic acid (PNB). The absence of growth in PNB combined with cord formation in drug-free well will be specific for MTB.\[[@ref10]\] However, as we did not have an automated liquid culture medium such as MGIT or BACTEC available due to cost constraint, we were unable to explain cases which were MODS positive but LJ negative. This was a limitation of our study.

In the present study, MODS took a mean time of 10 ± 4.4 days to detect MTB while the same was 31 ± 12.5 days on LJ medium. This difference was statistically significant with *P* \< 0.001. The less turnaround time using MODS is important for better and effective patient care since MODS helps detect MTB specifically based on its growth characteristic in liquid medium. Mean time to detection was comparable with other studies.\[[@ref4][@ref8][@ref18][@ref19][@ref21]\]

Concordance of DST by MODS when compared to economic variant of proportion method was 87.87% for RIF, 90.9% for INH, and 96.96% for MDR-TB detection \[[Table 1](#T1){ref-type="table"}\]. Lazarus *et al*. have also reported concordance of DST by MODS to RIF and INH when compared to the proportion method as 91.5% and 90.8%, respectively.\[[@ref20]\] Limaye *et al*. reported 100% agreement between MODS and proportion agar method for MDR-TB detection.\[[@ref18]\] Our results were comparable to these studies.

In MODS assay, DST results were available on the same day as detection, i.e., around 10 days whereas additional 42 days were required for DST results by economic variant of proportion method. Given the high mortality from TB and MDR-TB and the prolonged opportunity for TB transmission prior to diagnosis, MODS assay can be of great potential for detection of TB and MDR-TB in resource-limited settings. This will contribute to patient management outcomes. An added benefit is the isolation of MTB from MODS drug-free well for genotyping and second-line DST. Definitely MODS augments smear microscopy by providing rapid DST. The minimum equipment required is a biological safety cabinet, a biosafety centrifuge, vortex, incubator, and an inverted light microscope. After inoculation with decontaminated sample, the MODS plates are permanently sealed; thus, spillage of the mycobacterial soup cannot occur. Furthermore, no secondary subculture is needed as is it is a direct DST. Hence, there is zero potential for aerosolization or accident. All consumables and reagents are available from the standard laboratory suppliers. Training requirements are moderate. It is useful for trainees to gain an appreciation of the range and variety of appearances of the pattern of growth.

We acknowledge that there are a few limitations in the present study. This was a laboratory-based study and the results were not used for patient management. Hence, we could not evaluate the impact of our findings on TB or MDR-TB. No third method such as automated liquid culture (MGIT or BACTEC) was available for comparison to explain cases which were MODS positive but LJ negative.

Conclusion {#sec1-5}
==========

Thus, MODS assay provides rapid, safe, and sensitive detection of TB faster than the existing gold standards. It is extremely promising and has the potential to effectively diagnose MDR-TB.
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